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Introduction
Negat ive Pressure Wound Therapy (NPWT) became popular for use in wound healing over a decade ago. 1, 2 Theoretically, NPWT assists in development of granulation tissue, leads to wound contracture and neo-epithelization, removes interstitial fluid and infectious materials when applied to wound edges, and provides a closed, moist wound-healing environment. 3 Negative pressure wound therapy assists in preparing wounds to heal by secondary intention or to be closed through simple reconstructive means but can also provide an ideal dressing to help increase the chances of skin graft incorporation. 3 It has been indicated for use in diabetic foot wounds, pressure ulcers, chronic wounds, acute or traumatic wounds, dehisced surgical wounds, partial-thickness burns, and flaps or grafts.
Positive effects of NPWT on wound healing have been demonstrated in both the laboratory 2, 4 and in a multicenter randomized controlled study of NPWT use after partial diabetic amputations. 5 These data suggest that NPWT may yield a higher proportion of healed wounds, a faster time to wound closure, and a more rapid and robust granulation tissue response.
5,6

Negative Pressure and Fluid Instillation Therapy
Modifications to traditional NPWT devices now allow the use of fluid instillation therapy in combination with NPWT. Instillation therapy was designed to reduce the bioburden within the wound and promote healing and has been shown in select cases to help in pain control. [7] [8] [9] There are currently two instillation-based NPWT devicesWound V. 
Historical Development of Insulin in Wound Healing
Insulin has long been recognized as an important contributor to wound healing, 11 and many studies have demonstrated the positive effects of insulin on wound healing. [11] [12] [13] [14] [15] [16] [17] [18] Insulin-like growth factor (IGF), which has a high sequence similarity to the hormone insulin, has been shown through in vivo studies to stimulate the proliferation, migration, and extracellular matrix excretion by keratinocytes, endothelial cells, and fibroblasts, and even promote the reformation of granulation tissue. [18] [19] [20] Topical formulations of insulin was utilized in the 20th century in an attempt to control local hyperglycemia of peripheral tissue. However, later investigations have focused on topical insulin applications as it relates to insulin growth factors.
Belfield et al. 21 tested the application of a cream compound with 10 U of zinc protamine insulin and 1 g of base (Ulcerin) on chronic and debilitating wounds (such as pressure sores, ulcers, and fistulae) in canine and feline subjects. The results from their study demonstrated a normalization of cell permeability, increased vascularization, enhanced phagocytosis (autodebridement), and stimulated proliferation. Additional benefits included reduced exudation, arrested bacteria, decreased tissue hypoxia, reduced edema, increased wound contraction, reduced inflammation, and greatly reduced healing time. Pierre and associates, 14 in their study of systemic administration of insulin in nondiabetic burn patients, found that chronic administration of high doses of insulin with glucose significantly decreased donorsite healing time by two to three days and improved structural wound matrix formation and protein kinetics.
Lopez and Mena
22 reported on the use of local insulin irrigation (30-60 IU of isophane insulin daily) in two cases of diabetic infectious gangrene that were resistant to all other current therapies and found that the treatment accelerated wound healing with no notable systemic side effects.
Greenway et al. 17 published results from a randomized double-blind placebo-controlled trial that tested the relative roles of insulin (lletin-II) and zinc in the acceleration of wound healing of the forearm in diabetic and nondiabetic human subjects. The investigators concluded that topical application of insulin accelerated wound healing in both diabetic and nondiabetic human wounds.
Zhang and colleagues 23 reported on the use of an insulin-zinc suspension delivery by local injection into skin donor sites. These investigators concluded that local injection of a small dose, 0.2 U, of long-acting insulinzinc suspension stimulated wound DNA synthesis without any major systemic side effects and thereby provided a safe and effective approach to accelerate wound healing.
Journal of Surgical
Research published a study on the use of local insulin-zinc injection into skin donor site wounds in rabbits. In this study, Zhang and associates 24 found that injections of an extended insulin-zinc suspension (Humulin, Eli Lilly and Co., Indianapolis, IN), which was added to an albumin-saline solution (75 mg albumin per ml of 0.9% sodium chloride) at a final concentration of 0.25 or 1.0 U/ml, to four sites of the wound periphery and a fifth at the wound center accelerated skin wound healing, reduced mean healing time by 25%, and did not increase plasma insulin concentration. Histological analysis of wound tissues in this study suggested that the accelerated healing was likely due to the insulininduced stimulation of epidermal growth factor and keratinocyte proliferation, which was consistent with previous reports. 25 Wilson et al. 26 reported a case of topical irrigation with 20 ml normal saline and 2 U of human soluble insulin (Actrapid) being used in a chronic nonhealing wound following laparotomy of an 80-year-old woman after conventional dressing attempts and a three-week NPWT course all failed. The investigators reported that, after seven days of normal saline and insulin irrigation, there was visible improvement in wound healing without any systemic side effects such as hypoglycemia.
Rezvani and colleagues, 27 in a double-blind randomized placebo-controlled trial, evaluated the effects of topical insulin on wound healing and concluded that the healing rates of the insulin treatment group was higher than in the control group, regardless of initial wound size and did not cause any major systemic side effects.
Case Presentation
A 71-year-old male patient with a past medical history of hypertension, diabetes mellitus, and peripheral vascular disease received an emergency amputation at the midfoot level. Following this urgent procedure, the wound was treated with traditional NPWT and subsequently with a split-thickness skin graft (STSG) application to the dorsal lateral aspect of his right foot. After the STSG failed, several weeks of subsequent traditional NPWT was initiated, but also proved unsuccessful. The patient was referred to our clinic with a four-month history of ulceration (Figure 1) at the site of the STSG to his right foot. After intraoperative debridement and reapplication of traditional NPWT, the wound continued to show periwound maceration and clinically apparent colonization. We discontinued traditional NPWT, favoring a device along with insulin infusion (Sved; Figure 2 ) using the dosing defined by Wilson and associates. 26 We ran the infusion drip into the NPWT foam at 40 ml/h for 48 h. 
Discussion
The epidemiology and morbidity of diabetic foot wounds is, in many ways, not dissimilar to cancer. 28 This comparison has, over the years, made us rethink how we treat patients-in terms of counseling, a team approach to care, as well as with technology. Additionally, we believe that "infusion" of various modalities over a wound using a proven method of matrix stimulation (such as NPWT) might be a promising way forward. We have called this "wound chemotherapy." 10 We have been very active in modifying many of the techniques first described by Wim Fleischmann and others to both provide active matrix management (NPWT) with other chemotherapeutic tools to manipulate the wound environment (e.g., antimicrobials/antiseptics and analgesics).
The authors' unit frequently employs 0.025% Dakin solution run at approximately 30 cc/h (six or so drips/min using standard intravenous tubing inserted separately into a V.A.C. device at 125 mm Hg or an ITI SVED unit as part of its standard kit. We have described this technique previously. 10 However, we believe that many other modalities might prove helpful at different times during the healing process if delivered appropriately. In addition to insulin, which we describe here, and the aforementioned dilute Dakin, other possibilities might include the following:
1. Doxycycline: Its antimicrobial coupled with antimatrix metalloproteinase and anti-tumor necrosis factor may prove useful.
